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Summary of Research Objectives 
The objectives of the research were: 
 
a) to develop a process for recycling carpet waste into an acoustic underlay product; 
 
b) to optimise the underlay properties for acoustic performance and mechanical properties; 
 
c) to carry out standard acoustical testing including impact sound insulation and airborne transmission loss; 
 
d) to conduct a full range of British Standard tests as applied to underlays; 
 
e) to carry out a comparative assessment of the performance of the optimised recycled product against commercially 
available underlays; 
 
f) to assess the prospects of scaling up production of the recycled underlay for commercial exploitation. 
 
 
1 Introduction 
Growing public concern for the environment and increased landfill taxation is forcing manufacturers to look into 
alternative uses for their waste output.  Recent studies have shown that recycled polymeric granulates and fibres, as 
found in industrial and post-consumer material waste handling processes, may be formed into materials that have 
desirable acoustic and physical properties.  In particular, work conducted by Vitamvasova et al [1], and later by Swift et 
al [2, 3], showed that high performance acoustic materials can be produced through better understanding of the 
materials microstructure, physical strength parameters, and the influence of the manufacturing process.  These materials 
are novel and can provide alternatives to virgin products in a number of commercial and environmental noise control 
applications, including building, automotive, business services and traffic noise abatement.  The use of recycled 
materials reduces the manufacturing costs, the demand for raw materials and the required energy. 
 
Additional work by Miraftab et al [4, 5] resulted in a process that could form carpet waste into a viscoelastic material 
that had potential applications as a carpet underlay material.  Preliminary tests conducted on samples of these underlays 
[6] indicated that the materials can offer improved impact sound reduction in flooring and improved sound absorption in 
other generic applications.  This can prove beneficial for noise control in buildings in accordance with strict recent noise 
legislation such as Building Regulations Approved Document E [7].  Such an approach also addresses the problem of 
disposal of carpet waste.  In the U.K., carpet waste from manufacturing and fitting operations is estimated to be around 
10.5 million m2 or £70 million per year [4], the majority of which is land-filled and the remainder is incinerated.  Any 
viable attempt to divert this waste or at least delay the disposal route could potentially save costs and reduce 
environmental pollution.  It is particularly beneficial if the waste is used as a raw material to compete with if not replace 
products traditionally made from virgin materials. 
 
This report describes research into the impact sound insulation performance of a number of underlays that were 
laboratory produced from granulated carpet tiles.  A comparison with some of the best commercially available acoustic 
underlays was carried out.  Other acoustic and mechanical properties were also investigated, along with textile 
properties such as tensile strength.  Industrial-scale manufacturing trials also took place.  An optimised recycled acoustic 
underlay product was developed and submitted for standard acoustic and textile testing at accredited facilities. 
 
 
2 Carpet Waste Source 
A number of contacts with carpet manufacturers and recycling companies were established, including WRACE 
Technology Group, Keen-Tex, Adlington Carpet Tiles, Burmatex Ltd and Milliken Carpet.  Different waste streams within 
the carpet sector were identified.  In particular, PVC or PU backed carpet tiles, typically used in offices and commercial 
dwellings, appeared to be by far the largest available waste stream. 
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The bulk of the carpet waste utilised during the research programme was acquired in two distinct phases.  Initially, pre-
granulated carpet tiles were supplied by WRACE Technology Group in three forms: 
 
• PVC or PU backed carpet pile material (made from nylon or polypropylene fibres), which had been granulated, 
to a particular grain size; 
• the same material which had been agglomerated in an oven causing the pile fibres to sinter on the surface of 
the grains; 
• a finer granulated material, in which the pile fibres had separated almost completely from the backing resulting 
in a more fibrous product. 
 
It was subsequently decided that more controlled experimentation could take place if the waste was supplied in an 
ungranulated form, and a granulator and cyclone separation system were purchased in order to process the waste on-
site (see Section 3.2).  Whole PVC-backed carpet tiles were obtained from WRACE Technology Group, Milliken Carpet 
and others. 
 
Towards the end of the research programme, Heckmondwike FB Ltd and Rieter Automotive GB Ltd supplied the research 
team with different forms of carpet waste.  These are detailed later in the report (Section 5.1.7 and Chapter 9). 
 
 
3 Laboratory Sample Production Process 
The laboratory samples were produced in two phases, based on the two waste streams outlined in Chapter 2 and using 
two distinct methodologies, as described below.  All samples were produced to a standard material thickness of 10mm1, 
in order to rule out thickness variations as a variable giving rise to differences in impact performance.  This thickness is 
similar to that of many commercially available underlay materials. 
 
3.1 PU binder-based carpet waste samples 
 
The first carpet waste stream was provided in a pre-granulated form, as described in Chapter 2.  Samples were 
produced by mixing different proportions of the three waste types with a high viscosity polyurethane binder (Flexilon 
type 1109, obtained from Rosehill Polymers Ltd).  The mixture was spread into a mould and left to cure at room 
temperature.  For some of the samples, a heavy lid was placed on top of the mould to yield compacted specimens; 
others were uncompacted.  The manufacturing parameters of each PU-based sample are given in Appendix A. 
 
3.2 SBR foaming binder-based carpet waste samples 
 
The second waste stream, namely carpet waste in the form of PVC-backed carpet tiles with nylon/polypropylene pile, 
was fed into a triple-blade, vertical rotation granulator.  The granulated output passed through a screen of variable 
aperture, before being conveyed into a cyclone system that separated the material into granular (PVC tile backing) and 
fibrous (nylon/PPL pile) components.  The distinct granular and fibrous components were then bagged off.  Separation 
of the granular and fibrous waste streams in this manner allowed controlled experiments into the effect of variations in 
particle size and shape to be conducted. 
 
The granulator and cyclone separation system is shown in Figure 1.  These items of hardware were obtained 
specifically for the research project and installed in the laboratory at Bradford University.  The granulator and cyclone 
separation system were purchased from Hosakawa Micron Ltd and Thelcastle Ltd, respectively. 
 
The mass ratio of granular to fibrous waste obtained by submitting the PVC-backed carpet tiles to this granulation 
process was approximately 60:40.  The particle size distribution of the granular waste was a function of the aperture of 
the screen installed at the outlet of the granulating chamber.  Four screens were available for this purpose, with 
aperture sizes 2mm, 3mm, 4mm and 6mm.  Note that the throughput rate of the system decreased as the screen 
aperture size was decreased. 
 
The separated fibrous and granular components were then mixed together again in controlled ratios and added to a one-
component, SBR (Styrene-Butadiene Rubber) binder (Formapol type 1246, produced by Formulated Polymer Products 
Ltd), which had also been carefully proportioned.  As a pre-requisite to mixing, the SBR binder was ‘foamed’ using a 
                                                    
1 The quantities of each required component were adjusted to achieve this reference thickness to enable a direct 
comparison of material properties. 
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mechanical whisk for about 90 seconds (except where otherwise stated).  This aided the spread of binder, helping to 
reduce the mixing time and improve the uniformity of the binder distribution throughout the material. 
 
 
Figure 1: Photograph of the granulator and cyclone separation system. 
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The mixture was then placed inside a mould that had been pre-treated with a non-stick release agent.  A light ‘tamping’ 
pressure was applied in order to ensure a uniform material thickness.  Finally, the mould was placed in an oven at 130°C 
for 1-1½ hours until the sample had fully dried and cured.  Sample formulations for SBR binder-based samples are 
tabulated in Appendix B. 
 
Note that the SBR binder concentrations quoted throughout this report refer to mass ratios in the wet formulations; the 
SBR binder has a water content of approx 60% when wet, which is driven off during the drying/curing process leading to 
a reduced binder concentration when dry.  A consequence of this high water content is that all samples produced using 
the SBR binder are uncompacted, as the upper surface of sample must be left uncovered in order to allow the water 
vapour to escape.  This is not a problem for underlay applications though (see Section 5.1). 
 
The high water content of the binder requires sufficient curing time and temperature for these samples to dry.  This and 
other practical aspects of the sample production are addressed later in the report (Section 5.1). 
 
 
4 Experimental Methodology 
4.1 Impact Sound Insulation: Laboratory-Scale Testing 
 
Underlays designed for use in acoustic flooring systems must comply with Building Regulations Approved Document E 
[7] and ISO 140 Part 8 [8].  However, it is both impractical and expensive to conduct these tests for a large number of 
samples.  In order to enable a comparative assessment of impact sound reduction performance, a small test rig (see 
Figures 2 and 3) was constructed which allowed for much smaller specimens to be tested efficiently.  
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Figure 2: Schematic diagram of the impact transmission rig. 
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Figure 3: Photograph of the impact transmission rig showing the drop tube mechanism, accelerometer and a mounted 
underlay sample. 
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The recycled underlay samples were fixed to a 18mm-thick timber or 25mm-thick concrete plank, designed to simulate 
typical flooring systems.  The floor section was clamped at either end to form a 200mm span of freely suspended 'floor'.  
The samples were then subjected to impacts from a brass cylinder dropped in the tube as shown in Figure 2. 
 
An accelerometer attached to the underside of the 'floor system' was used to measure the level of vibration transmitted 
through the structure.  A constant force of impact was applied to the top of the sample by dropping a 500g mass from a 
height of 40mm.  The height of the drop tube could be adjusted to allow for different sample thicknesses whilst 
maintaining a constant drop height.  The point of drop could be adjusted in the experiment so that the results could be 
spatially averaged. 
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Impact events were recorded digitally using PC Sound Recorder software at 16 bit, 22050 Hz sampling rate.  The 
resultant time histories were analysed using MATLABTM software.  Figure 4 shows the time series for the acceleration 
level produced by the impact on material N3 (see Section 5.1.4).  The figure shows successive impacts that resulted 
from the bouncing of the drop weight on the surface of the material.  The first impact was selected for analysis within 
the window frame confined between the dotted lines as shown in Figure 4.  This ensured the reproducibility of the 
measurement method.  A half-Hamming window was applied to the signal, which was then FFT-processed so that octave 
band relative acceleration levels could be calculated.  This procedure was carried out for each carpet waste underlay 
sample, as well as for several high-performing acoustic underlays available commercially. 
 
Figure 4: Time history of a typical impact event, showing selection of the ‘first arrival’. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By comparing the octave band spectra attained in each case between 32 and 2000 Hz, the relative degree to which 
impacts were attenuated by different samples was assessed.  The lower the magnitude of the transmitted vibration, the 
better performing is the sample under test.  Accordingly, the relative acoustic performance of the recycled carpet 
underlays was determined. 
 
This experimental set-up and process was repeated in some cases with a 8mm-thick carpet or laminate overlay placed 
over the underlays on the test rig, so that the drop mass did not impact directly onto the underlay specimens during 
testing. 
 
4.2 Airborne Sound Transmission Loss 
 
Indicative measurements of airborne transmission loss were carried out with use of a transmission loss tube, which was 
commissioned and built at Bradford University. The rig (Figures 5 and 6) consists of a steel tube of internal diameter 
82mm, wall thickness 9mm and length 2m, split into two 1m sections. 
 
A round sample (diameter 98mm) was ‘sandwiched’ in between the two sections of tube and clamped in place using O-
rings and a plastic collar to keep the seal airtight.  Two microphones were inserted through holes drilled in the tube, 
100mm from and either side of the sample, such that the mic-heads lay in the centre of the tube.  A loudspeaker was 
positioned at one end of the tube, which emitted an acoustic MLS signal (predictable, pseudo-white noise) down the 
tube length.  The other end of the tube was packed with absorbent material to prevent sound from being reflected back 
to the microphones. 
 
Measurements were taken at both microphone positions simultaneously in octave and 1/3rd octave frequency bands. The 
transmission loss (TL) was calculated from the difference between the Sound Pressure Level (SPL) at each microphone 
in dB(A): 
 
TL = SPL1 – SPL2 (dB) 
 
where SPL1 is the sound pressure level at microphone 1 and SPL2 is the sound pressure level at microphone 2. 
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Figure 5: Schematic diagram of the airborne transmission loss tube and experimental set-up,  
shown in cross-section. 
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Figure 6: Photograph of the airborne transmission loss tube showing sample, microphones and loudspeaker positions. 
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4.3 Dynamic Mechanical Properties 
 
The dynamic mechanical properties of some of the recycled and commercial underlay samples were investigated to 
enable an understanding of their effect on the impact results.  These properties were measured in accordance with the 
procedures laid out in ANSI S2.22 [9].  This standard defines a method for measuring the dynamic properties of 
viscoelastic materials using longitudinal resonance in bar-shaped test samples.  A schematic diagram of the 
measurement set-up is shown in Figure 7. 
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Figure 7: Schematic diagram of apparatus used to measure  
dynamic mechanical properties of recycled underlay samples. 
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A WinMLS dual-channel spectrum analyser software package was used to send a pseudo-random signal to an amplifier 
powering an electromagnetic shaker, mounted on a steel support frame.  This caused the shaker and an attached plate 
below to vibrate along a vertical axis.  The cylinder-shaped test sample was attached to the upper surface of the plate 
using double-sided sticky tape.  Two lightweight piezoelectric accelerometers were attached in a similar fashion, one 
directly to the vibrating plate near the sample and the other on top of the test sample (see Figure 7). 
 
The output signals from the accelerometers were relayed via charge amplifiers connected to the duplex sound card.  
Then FFT analysis was performed to determine the acceleration level spectra and the complex frequency transfer 
function between the accelerometers.  The loss factor, η , and the real part, 'E , of the complex compressional modulus 
of each sample were then calculated. 
 
It was anticipated that samples with a combination of high loss factor and relatively low compressional modulus should 
correlate with samples that yielded good impact sound insulation. 
 
4.4 Static Loading Behaviour 
 
The behaviour of some of the samples under static loading conditions was also investigated.  An ‘Instron’ mechanical 
loading machine was used to measure compressional modulus for some of the recycled underlay samples and 
commercial underlays that performed well in impact tests.  Applied stress (kPa) was slowly increased and this was 
plotted against compressional strain (%).  Compressional modulus, represented by the gradient of these plots, increased 
during each test, giving rise to characteristic curve-shaped plots. 
 
These tests were conducted in order to gain a physical understanding of the observed variations in impact sound 
insulation performance.  It was anticipated that, for a given level of stress, the higher the strain taken up by a sample 
and the lower the gradient of the stress-strain curve, the better the impact sound reduction capabilities of the sample. 
 
4.5 Tensile Strength Testing 
 
The tensile strength of the best-performing recycled underlay sample was measured both in terms of maximum loading 
to failure and percentage extension to break, in accordance with BS EN ISO 13934-1 [10].  These properties were also 
measured for other samples in order to assess the effects of certain parameters of the sample production methodology 
on the tensile strength of the samples. 
 
4.6 Other Textile Properties 
 
Flexibility and cracking behaviour were assessed by hand during the laboratory sample manufacturing phase of the work. 
 Recycling Carpet Waste into Acoustic Underlay for Commercial Production 8
 4.7 Normal Incidence Absorption Coefficient 
 
A Bruel & Kjaer two-microphone Impedance Tube was used to measure the normal incidence absorption coefficient of 
the carpet waste samples and commercial underlays.  A detailed description of the Impedance Tube method can be 
found in [11]. 
 
 
5 Results of Laboratory Tests 
5.1 Impact Sound Insulation: Laboratory-Scale Testing / Optimisation 
 
5.1.1 Preamble 
 
The capability of the recycled carpet waste samples to insulate against the transmission of impact sound, is the most 
critical acoustic attribute with regards to assessing suitability for application as a carpet underlay.  Therefore the greatest 
emphasis of the research was on optimising the performance of the samples in impact tests. 
 
This section discusses the results of lab-scale, comparative impact testing of all the recycled underlay samples produced 
during the research project, following the test procedure described in Section 4.1.  It is structured in such a way as to 
demonstrate the effects of various parameters of the sample production methodology on the impact results e.g. 
granule:fibre mass ratio, binder concentration, particle size distribution, etc. 
 
Whilst assessing the effects of these variables on the impact sound insulation performance, it was also important to 
make a qualitative analysis of their effect on practical aspects of the sample manufacturing process.  This was done 
simultaneously in order to give confidence that once the optimised formulation for recycled acoustic underlay was 
determined, this could readily be reproduced on a commercial scale.  Therefore, for each parameter investigated in this 
section, a qualitative summary is also given of any effects on the practicality of sample production e.g. 
• the relative ease with which the sample formulations can be mixed and spread into moulds; 
• the oven times and temperatures necessary for drying and curing the samples; 
• any likely effects on the viability of a larger scale manufacturing process. 
 
In addition other textile properties, such as tensile strength and cracking/rolling behaviour of the dried and cured 
samples, were assessed qualitatively by hand as sample production proceeded.  These properties were later quantified 
more stringently for the samples that had been optimised for impact sound insulation. 
 
Several further comments should be made at this stage, which should be considered when interpreting the following 
results.  Firstly, it should be reiterated that the lower the levels in the impact sound octave band spectra, the less the 
impact sound has been transmitted through to the accelerometer and therefore the more effective the underlay sample 
is in terms of its impact sound insulation performance. 
 
Secondly, the question of what is a significant difference in transmitted impact sound should be addressed.  3 dB 
corresponds to a doubling of acoustic energy and is generally agreed to be the smallest perceptible sound level 
difference for airborne sound.  Repeatability tests on the commercial underlay samples demonstrated that, provided 
samples are homogeneous and of constant thickness, results obtained using the impact transmission rig can be 
reproduced to within 2 dB (except at very high frequencies).  Therefore a difference in transmitted impact sound of 3 dB 
or more can be interpreted as a significant, perceptible difference, provided the samples under comparison are 
homogeneous and o  constant thickness.  Considerable effort was made in ensuring that this was the case during the 
sample manufacturing process (see Chapter 3), so that inhomogeneities and thickness variations could be ruled out as a 
variable giving rise to differences in impact performance.  A standard underlay thickness of 10mm was selected for the 
recycled carpet waste samples. 
f
 
Finally, when comparing octave band spectra, it was sometimes found that one sample performed consistently better 
than another over most of the frequency range considered (31.5Hz-2kHz), with the exception of one or two octave 
bands at the upper end of the spectrum (usually 500Hz, 1kHz).  In such cases, in was considered more of a priority in 
assessing underlay performance to minimise the amount of transmitted impact sound in the lower frequency bands; 
higher frequency sound would be preferentially attenuated by the substrate (flooring/ceiling system) in any case. 
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5.1.2 Impacts onto uncovered timber and concrete substrates 
 
For comparison purposes, the following plots (Figure 8) show the results of carrying out impact testing with no 
underlay sample attached to the impact rig i.e. dropping the mass directly onto the timber/concrete substrates, or 
placing the carpet/laminate overlay directly onto each substrate. 
 
Figure 8: Impact sound transmission results with no underlay installed on impact rig, plotted for comparison purposes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1.3 PU binder-based carpet waste samples 
 
Figure 9 shows the results of testing the first batch of underlay samples manufactured from recycled carpet waste i.e. 
those made using a polyurethane (PU) binder, samples W1-W15 (see Appendix A). 
 
Some trends were discernible from these results e.g. increased compaction ratio gave rise to poorer impact transmission 
insulation performance (samples W1, W4, W7 have 0% compaction; samples W2, W5, W8 have 20% compaction; 
samples W3, W6, W9 have 40% compaction). 
 
However, the results of the tests on PU binder-based samples were highly variable (i.e. poor repeatability) depending on 
where the samples were placed on the rig.  This is because the carpet waste and PU binder did not mix well (particularly 
the fibrous waste, due to ‘balling up’ of the nylon fibres), so samples often contained hard ‘nodules’ of unmixed binder.  
The subjective ‘feel’ of the samples produced using PU binder was also not very good (an important factor when 
considering potential carpet underlay applications), and in the light of these results the decision was made to switch to a 
foaming binder system. 
 
5.1.4 SBR foaming binder-based carpet waste samples 
 
A new liquid binder type was adopted, namely an SBR (Styrene-Butadiene Rubber) foaming binder system.  This is a 
water-soluble binder that is pre-whisked before mixing in the solid components; the introduction of air bubbles in this 
way assists in dispersing the solid particles into the solution.  The disadvantage of this system is that the binder has a 
high water content (60% by mass), which must be driven off in order to fully dry and cure the samples, necessitating 
heat treatment in high temperature ovens for a period of 1-1½ hours.  It was later discovered that fan-assisted ovens 
can reduce this curing time considerably (Chapter 6).  Furthermore, the amount of binder can be reduced by adopting 
an extruder for better control of the mixing process. 
 
Grain:Fibre Ratio (G:F) 
 
Five samples were produced in which the mass ratio of granular and fibrous dry components of the formulation were 
varied, but the total mass of dry components as a proportion of the mixture was kept at a fixed value of 40%, i.e. the 
SBR binder concentration (in terms of mass ratio when wet) was kept fixed at 60%.  All other variables were kept 
constant. 
 
The formulations for these samples N1-N5, arranged by increasing grain:fibre (G:F) ratio, are shown in Table 1.  The 
density of each sample is also shown; as expected, the density increases with the G:F ratio.  The results of impact 
testing of samples N1-N5 are shown in Figure 10. 
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Figure 9: Impact sound transmission results for PU binder-based samples.  W1-W6 are consolidated granular waste; 
W7-W9 are consolidated fibres; W10-W15 are comprised of a blend of grains & fibres. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: Formulations of samples with various grain:fibre mass ratios. 
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Sample Density (kg/m3) Granular mass content 
Fibrous mass 
content 
SBR Foaming Binder mass 
content (wet) 
N1 255 0% 40% 60% 
N2 231 12% 28% 60% 
N3 277 24% 16% 60% 
N4 355 32% 8% 60% 
N5 568 40% 0% 60% 
 
 
Figure 10(a). Impact sound transmission results for recycled 
underlay samples with different grain:fibre ratios. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These results show that samples in which the solid component was purely fibrous (N1) or purely granular (N5) gave the 
poorest impact sound reduction performance overall.  This suggests that purely fibrous or purely granular formulations 
are not well suited for use as acoustic underlays. 
 
The samples containing a blend of grains and fibres, in varying proportions, yielded a greater degree of impact sound 
insulation.  Sample N3 appears to contain the optimum mass ratio of granular and fibrous material (60:40), as it yielded 
the greatest impact sound reduction across a wide range of frequencies. 
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Figure 10(b). Impact sound transmission results for recycled  
underlay samples with different grain:fibre ratios. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is interesting to note that the mass ratio of granular to fibrous material (60:40) in the best-performing sample N3, is 
close to the mass ratio of backing to pile in the original carpet tiles.  The consequence of this result is that there is no 
need to supplement the raw waste acquired by granulating this type of PVC-backed carpet tile, with either extra fibrous 
or extra granular material, in order to produce recycled underlay with good impact sound insulation.  This fact could 
enhance the viability of the recycling process on a commercial scale. 
 
A possible model may be proposed as to how the samples are behaving on a microscopic level, as shown in Figure 11. 
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Figure 11. Schematic model of the behaviour of a mixed granular/fibrous sample under compression. 
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In the purely fibrous sample, compression occurs in a single stage as the pore space between the fibres is squeezed out 
until the fibres are brought into contact.  The purely granular sample also compresses in a single stage; the grains are in 
contact from the offset and are distorted and flattened along the axis of compression. 
 
In the mixed (granular & fibrous) sample, the grains are held apart in a loose matrix by the fibres and so compression 
occurs in two stages.  First, the pore space is reduced as the fibres move closer together.  Second, the grains come into 
contact and begin to be distorted and flattened.  (There may be some overlap between these two stages.) 
 
By spreading a given impact over a longer time period in this way, the total amount of impact energy that passes from 
one surface of the sample to the other may be reduced. 
 
In fact, it is possible to witness this behaviour in action by taking images using a digital camera in conjunction with an 
optical microscope.  The series of photographs in Figure 12 shows the effect of compressing mixed granular/fibrous 
sample N3 on a microscopic scale (sample shown in cross-section).  Some of the compressional energy also seems to be 
taken up as twisting of the grains within the fibrous matrix. 
 
 
Figure 12. Photographs showing a mixed granular/fibrous sample under compression. 
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On a practical note, it was found that the samples containing a mixture of grains and fibres (N2-N4) were considerably 
easier to produce than the samples in which the solid component was purely fibrous or granular.  In the case of sample 
N1, the sheer volume of fibres in the formulation was very difficult to disperse into the liquid binder (without increasing 
the binder content even further above 60%); the final product was therefore lumpy and uneven.  Sample N5 was easy 
to mix, but the absence of a fibrous component to hold the grains in place in a ‘matrix’ of fibres and grains, meant that 
all the grains sank to the bottom of the sample tray before the sample had dried/cured, and the end product consisted 
of an upper, impermeable layer of pure, cured binder and a lower, poorly consolidated layer of dense grains. 
 
Binder Concentration (BC) 
 
The samples described in the previous section consisted of 60% binder concentration (by mass of wet component).  
Further samples were made with reduced binder concentration, whilst maintaining the G:F ratio of the dry components 
at 60:40.  All other variables were kept constant.  Formulations for these samples are given in Table 2, whilst the 
results of impact testing are shown in Figure 13.  (N.B. sample BC60 is identical to sample N3.) 
 
Table 2: Formulations o  samples with various binder concentrations.f  
 
Sample Density (kg/m3) Granular mass content 
Fibrous mass 
content 
SBR Foaming Binder mass 
content (wet) 
BC60 277 24% 16% 60% 
BC50 285 30% 20% 50% 
BC40 356 36% 24% 40% 
 
 
 
 
 
 
 
It can be seen that reducing the binder concentration from 60% to 50% did not significantly reduce impact sound 
insulation performance, but dropping the BC to 40% did have a detrimental effect on the performance.  In addition, 
lowering the BC made it more difficult to mix the fibrous component into the binder - especially in the case of the sample 
with 40% binder – thus increasing the practical difficulties. 
 
Addition of Surfactant and/or Dispersing Agent 
 
As discussed in the previous section, samples with binder concentrations of less than 50% were not easy to produce, 
due to the difficulty in mixing the fibrous waste component into the liquid binder.  This seems to be caused by 
entanglement of the individual fibres making them harder to disperse.  Ideally, the binder concentration could be 
reduced below 50% in order to minimise manufacturing costs and raw material usage.  Therefore, a non-ionic surfactant 
called Micro and a proprietary dispersing agent called Dispex were utilised to try to make sample manufacture more 
practicable. 
 
Samples with similar formulation to N3 but with 10% of the binder displaced by a non-ionic surfactant Micro (sample S1) 
and/or dispersing agent Dispex (sample SD) were produced and tested (see Table 3).  The results of the impact testing 
carried out on these samples are shown in Figure 14. 
 
Table 3: Formulations of samples with surfactants and/or dispersing agents added to the binder. 
 
Sample Density (kg/m3) Granular mass content 
Fibrous mass 
content 
SBR Foaming Binder mass 
content (wet) 
S1 293 24% 16% 54% + 6% surfactant 
SD 357 24% 16% 54% + 3% surfactant, 3% dispersing agent 
 
 
 
 
 
 
 
Figure 14 shows that the addition of the surfactant (sample S1) caused a slight deterioration in impact sound reduction 
in the case of a timber substrate, but a slight improvement on the concrete substrate. Adding the dispersing agent as 
well (sample SD) led to a major deterioration in impact performance for all permutations. 
  
Using the surfactant made it marginally easier to mix the samples; adding the dispersing agent (which is primarily 
geared towards other applications such as cement mixing) actually made mixing more difficult.  The surfactant also 
caused a slight decrease in tensile strength in sample S1 (see Section 5.5). 
 
Overall, the use of these products did not have a significantly beneficial effect in terms of practicality of sample 
production or impact performance.  There does not seem to be a strong case for utilising these agents, which would add 
an extra component and extra cost to the manufacturing process. 
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Figure 13(a). Impact sound transmission results for recycled 
underlay samples with different binder concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Binder Whisking Time 
 
A typical time for whisking the SBR-based foaming binder is around 90 seconds, using a hand-held whisk.  This process 
is carried out prior to mixing with the solid components.  The effect of varying the degree of whisking of the binder was 
studied by reproducing formulation N3, but instead whisking for 5 minutes (sample 5W) or not whisking the binder at all 
(sample NW) prior to mixing (see Table 4).  Impact test results from these samples are given in Figure 15. 
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Figure 13(b). Impact sound transmission results for recycled  
underlay samples with different binder concentrations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4: Formulations o  samples with different binder pre-whisking times.f  
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Sample Density (kg/m3) Granular mass content 
Fibrous mass 
content 
SBR Foaming Binder mass 
content (wet) 
NW 372 24% 16% 60% (binder not whisked) 
5W 277 24% 16% 60% (whisked for 5 minutes prior to mixing) 
 
 
 
Figure 14(a). Impact sound transmission results showing the effect of 
 adding a surfactant and a dispersing agent to the SBR binder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sample made using unwhisked binder (NW) yielded impact sound insulation that was on average ~10dB worse than 
sample N3 (more at higher frequencies, less at lower frequencies), as well as making the sample considerably more 
difficult to mix and spread. 
 
Whisking the foaming binder for 5 minutes (5W) also significantly reduced impact performance compared with sample 
N3 when tested on the timber substrate, although performance was similar on concrete with a carpet overlay.  Over-
whisking in this way did make it easier to mix the dry components into the binder, but it was harder to spread the 
mixture evenly into the mould as a result of excessive foaming, and the process also used more energy. 
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Figure 14(b). Impact sound transmission results showing the effect of 
 adding a surfactant and a dispersing agent to the SBR binder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The optimum whisking time for the SBR binder is therefore around 1-2 minutes. 
 
Particle Size Distribution 
 
The PVC granular component of the carpet waste was subjected to a sieving process, which involved passing it through 
a series of meshes of decreasing aperture size inserted in turn into a shaking table.  This process separated the grains 
into different particle size components as follows: >3.35mm, 2.47-3.35mm, 2.0-2.47mm, 1.4-2.0mm, 1.23-1.4mm, 1.0-
1.23mm, 0.68-1.0mm, 0.5-0.68mm and <0.5mm. 
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Figure 15(a). Impact sound transmission results showing the effect of 
 varying the SBR binder whisking time prior to mixing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
However, the particle size distribution obtained by sieving the grains was dependent on the size of screen that had 
previously been used during the granulation process (see Section 3.2).  The particle size distributions of various granular 
components, obtained by granulating carpet tiles with the 2mm, 3mm, 4mm and 6mm aperture screens attached to the 
outlet of the granulating chamber, are shown in Figure 16.  Note that the modal particle size in each case tends to be 
around half of the aperture size.  (N.B. the 6mm granulator screen yielded ‘tufts’ of grains with fibres still attached i.e. 
the waste did not remain in the granulating chamber long enough for efficient separation of backing and pile to occur.  
This might explain the bimodal distribution of particle sizes seen in Figure 16 for the 6mm screen.) 
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Figure 15(b). Impact sound transmission results showing the effect of 
 varying the SBR binder whisking time prior to mixing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The sieved granular waste was used to manufacture samples to test the effect of particle size on impact sound insulation 
performance.  Nine samples were produced (P1-P9, see Table 5), using the grain:fibre mass ratio (60:40) and binder 
concentration (60%) that gave optimum impact performance earlier (sample N3).  In this experiment a different, single 
class of particle size was selected for the granular component of each sample.  Sample P1 consists of the coarsest 
grains; P9 of the finest.  These samples were then tested on the indicative impact rig; the results are shown in Figure 
17. 
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Figure 16. Particle size distributions of granular waste obtained by granulating with screens of 
 different aperture installed at the outlet to the granulating chamber. 
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Table 5: Formulations o  samples with various, singular grain sizes. f
 
Sample Density (kg/m3) Granular mass content 
Fibrous mass 
content 
SBR Foaming Binder mass 
content (wet) 
P1 292 24% (particles >3.35mm) 16% 60% 
P2 288 24% (2.47-3.35mm) 16% 60% 
P3 302 24% (2.0-2.47mm) 16% 60% 
P4 316 24% (1.4-2.0mm) 16% 60% 
P5 305 24% (1.23-1.4mm) 16% 60% 
P6 329 24% (1.0-1.23mm) 16% 60% 
P7 247 24% (0.68-1.0mm) 16% 60% 
P8 267 24% (0.50-0.68mm) 16% 60% 
P9 348 24% (particles  <0.5mm) 16% 60% 
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Figure 17(a). Impact sound transmission results for recycled underlay samples  
made with a single class of particle size for the granular component. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results show that the particle size does have an effect on impact sound insulation performance.  Overall, samples 
P6-P8 seemed to perform best.  (Sample P9 yielded high impact sound insulation at low frequency for the concrete base, 
no overlay permutation but this sample was poorly consolidated, so the result is unreliable.)   
 
Note that the grain sizes in the samples of singular grain size that performed best in impact testing (P6-P8), make up the 
bulk of the granulated component obtained using the 2mm-aperture granulator screen (see Figure 16).  With this in 
mind, the effect of using different unsieved granular waste components was studied, to determine if the granular output 
obtained by using different screens in the granulating chamber gave rise to variations in impact sound insulation 
performance of the resultant samples. 
 Recycling Carpet Waste into Acoustic Underlay for Commercial Production 23
Figure 17(b). Impact sound transmission results for recycled underlay samples  
made with a single class of particle size for the granular component. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6: Samples made from carpet waste that had passed through screens o  different aperture after granulation.f  
 
Sample Density (kg/m3) Granular mass content 
Fibrous mass 
content 
SBR Foaming Binder 
mass content (wet) 
U2 230 24% (2mm screen granulator output) 
16% (2mm screen 
granulator output) 60% 
U3 277 24% (3mm screen granulator output) 
16% (3mm screen 
granulator output) 60% 
U4 180 24% (4mm screen granulator output) 
16% (4mm screen 
granulator output) 60% 
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Figure 18(a). Impact sound transmission results for samples with a broad particle size distribution obtained by using 
screens of different aperture at the outlet to the granulating chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Samples U2, U3 and U4 (see Table 6) were made using identical formulations to sample N3, but the granulated waste 
used had passed through the 2mm, 3mm and 4mm screens respectively after granulation (earlier samples had used 
unsieved grains obtained via the 3mm screen, and so sample U3 is identical to sample N3). 
 
Figure 18 gives the results of impact tests on samples containing unsieved granulated waste with different particle size 
distributions.  These results show that the best performing sample in this category overall is U2, although sample U4 
gives lower transmitted impact sound in the higher frequency bands for some permutations.  Sample U2 contains the 
finest-grade unsieved granular component, and the particle sizes that make up the bulk of this granular mix yielded the 
best performing single grain size samples (P6-P8). 
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Figure 18(b). Impact sound transmission results for samples with a broad particle size distribution obtained by using 
screens of different aperture at the outlet to the granulating chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thus, the sample U2 made from the finest-grade unsieved granulated waste was shown to yield the best impact sound 
insulation performance.  It was also the most practicable to manufacture, as explained in the next section. 
 
A comparison of the results for U2 in Figure 18 with those plotted in Figure 17 shows that no sample of singular 
particle size performed any better overall than sample U2 made using unsieved grains, i.e. the natural grain size 
distribution resulting from the granulation process.  In addition, any active process of sieving the granulated waste to 
separate it into individual classes of particle size would clearly add extra costs to the manufacturing process.  There does 
not therefore seem to be any performance-related, practical or financial benefit to sieving the granular component or 
attempting to fix its particle size distribution. 
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Fibre Length Distribution 
 
From a practical viewpoint, sample U2 was easier to mix than samples U3 and U4.  This appeared to be due to 
differences between the fibrous components used for each sample.  Up to this point, it had been assumed that the bags 
of fibrous component obtained by granulating with different output screens, would not differ markedly in their 
behaviour/properties.  Since the fibre diameters are all significantly smaller than the smallest screen aperture, it was 
assumed that the fibres would pass through all the screens easily. 
 
However, it transpired that the fibres from the 2mm screen granulation process were considerably easier to mix than 
fibres obtained through the screens of wider aperture.  The fibres were studied under a microscope and the effective 
fibre lengths of a random selection of 50 fibres from each batch were measured.  The effective fibre length is the 
natural, curled length of the fibre as measured without attempting to straighten it out (see Figure 19).  The mean and 
standard deviation of the effective fibre length for each batch were calculated and the results are given in Table 7. 
 
Figure 19. Definition of effective fibre length. 
 ξ Effective Fibre Length   
 
 
Table 7. The mean effective fibre length and its standard deviation for different granulation regimes. 
 
 
Aperture of Granulator Screen used to obtain 
Fibrous Waste Component 
Mean Effective Fibre Length 
(mm) 
Standard Deviation 
(mm) 
6 mm 4.81 1.27 
4 mm 4.27 0.95 
3 mm 3.51 1.19 
2 mm (fibre passed through once) 2.75 0.86 
2 mm (fibre passed through twice) 1.89 0.58 
2 mm (fibre passed through thrice) 1.24 0.42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It was observed that the mean effective fibre length decreased as the granulator screen aperture through which the 
fibres passed was reduced.  The mean fibre length resulting from use of the 6mm screen was 4.81mm, compared with a 
mean length for fibres that had passed through the 2mm-aperture screen of 2.75mm, i.e. almost half the length. 
 
Shorter fibres are less likely to become entangled with each other and ‘ball up’, and are therefore more easily dispersed 
in the liquid binder.  Thus, the extent of the difficulty in dispersing the fibrous waste component into the binder solution 
during sample production was dependent on variations in the mean fibre length, which was in turn dependent on the 
screen aperture through which the waste had passed after granulation. 
 
It was considered possible to further reduce the mean fibre length, in order to facilitate easier mixing, by obtaining a 
granulator screen of even finer aperture than the finest used to date (2mm-aperture).  This was not easily obtainable (in 
any case it would reduce granulator throughput rate to an unfeasibly slow level).  However, it was found that by 
successive re-passing of the fibrous material through the granulator equipped with the 2mm-aperture screen, the 
effective fibre length was further reduced.  This is also illustrated in Table 7, which shows that the mean fibre length in 
the ‘second pass’ fibrous waste was 1.89mm, which is 30% shorter than for the ‘first pass fibres’.  The third pass 
through the granulator and 2mm screen caused a further significant reduction in the mean fibre length, and there 
appeared to be a greater proportion of powder present in the fibrous component after it had passed through the 
granulator three times. 
 
In practical terms, the ‘second pass’ and ‘third pass’ fibrous components were easier to mix with the foaming binder and 
granular waste than the ‘first pass’ fibre, but the resulting mixtures were slightly more difficult to spread into the sample 
mould. 
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Figure 20(a). Impact sound transmission results for the optimum recycled underlay sample U2, 
 plotted against 15 commercially available underlays. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are three more factors to consider with regards to fibre length distribution. The first is that it consumes more 
energy and time to produce the second pass and third pass fibre components (i.e. throughput rate is decreased).  The 
second factor is that the shorter fibre lengths are likely to result in reduced tensile strength (see Section 5.5).  Thirdly2, 
shorter fibres may result in increased compressional modulus and reduced loss factor as the grains are closer together in 
their equilibrium position, resulting in reduced acoustic performance (see Section 5.3). 
                                                    
2 This would appear to be contradicted by the results from Figure 18, i.e. sample U2 was better at reducing impact 
sound than U3 or U4, even though the fibrous component of sample U2 has shorter mean fibre length (2.75mm) than 
samples U3 (3.51mm) and U4 (4.27mm).  However, the mean particle size of the granular component also varies 
between these samples, so the variations in impact performance are not solely due to fibre length distribution. 
 Recycling Carpet Waste into Acoustic Underlay for Commercial Production 28
Figure 20(b). Impact sound transmission results for the optimum recycled underlay sample U2, 
 plotted against 15 commercially available underlays. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
On balance, therefore, it is preferable to keep the granulating operation as simple as possible in order to minimise 
production time and energy consumption.  Subjecting the carpet tiles to a single granulation process, with a 2mm-
aperture screen at the granulating chamber output, yielded a waste stream with grains in the size range 0.5-1.0mm and 
a mean effective fibre length of 2.75mm, which was most easy to work with (in terms of handling/mixing issues) and 
gave rise to samples with the best impact sound reduction performance.  These are important findings which should 
enhance the possibility of a cost-effective full-scale manufacturing process. 
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Figure 20(c). Impact sound transmission results for the optimum recycled underlay sample U2, 
 plotted against 15 commercially available underlays. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.1.5 Summary of Recycled Carpet Underlay Optimisation 
 
To summarise, formulation U2 (highlighted in bold in Appendix B) yields the optimum recycled carpet underlay, in 
terms of both impact sound insulation performance and the practicability of its manufacture.  The relatively few steps 
involved in producing this sample (i.e. waste obtained via a single phase of granulation, with no need to separate the 
components or regulate their size/length distribution, and the use of a simple foaming binder system for the liquid 
component) suggest that there is the potential for a cost-effective manufacturing process.  This prospect was explored 
further as described in Chapter 6. 
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5.1.6 Commercial underlay samples 
 
Fifteen commercially available carpet underlays were subjected to impact testing, on the timber substrate with and 
without a 8mm-thick carpet overlay.  A comparative assessment was made of the impact sound insulation performance 
of the optimised recycled underlay (U2), against the performance of these commercial products.  The thickness and 
density of each commercial sample is tabulated in Appendix C. 
 
The results of impact testing of these underlays are shown in Figure 20.  The results suggest that the impact sound 
reduction capability of the optimised recycled underlay U2 is similar to a majority of these commercial products and, in 
some cases, appears to be considerably better. 
 
A few of the commercial samples, namely Cloud 9 Cumulus, Floorwise Satellite, Ultimate Grand Reserve, Acoustilux 5569 
and Anglofelt Silver, performed better than recycled sample U2 in these indicative tests by up to 10 dB, especially at 
lower frequencies.  The Acoustilux 5518 test specimen transmitted impact sound levels ~20 dB lower than U2 at low 
frequencies, but this is an unfair comparison as the Acoustilux 5518 underlay is 15mm thick (see Appendix C).  It 
should also be noted that some of the commercial products, such as Durafit 650 and Monarfloor, were slightly thinner 
than the 10mm standard thickness of the recycled underlays. 
 
It is also worth noting that the density of the recycled underlay sample U2 is comparatively low (230 kg/m3, compared 
with the densities of commercial underlays in Appendix C), and this could be a potential advantage where lightweight 
applications are required. 
 
Ten commercial underlay products designed for use with laminate flooring systems were also tested on the impact rig 
under a 8mm-thick piece of laminate, and a similar comparative assessment was made of their performance against 
sample U2.  The results are given in Figure 21. 
 
Optimised recycled underlay U2 appeared to perform better than most of these systems that are designed for laminate 
flooring applications.  It should be pointed out, though, that U2 is thicker than some laminate flooring underlays, which 
are generally between 2-4mm thick.  Note that the best performing commercial laminate underlay – the only one that 
reduced impact sound more than U2 - is the dual-layer Texfelt LamiMate system, which is composed of a felt layer atop 
a PE foam layer with a total thickness of 6.5mm (see Appendix C). 
 
Nevertheless, the results show that with sub-laminate underlays in place, significant levels of impact sound can still be 
transmitted through the flooring system to the space below.  At a recent visit to a flooring exhibition in Harrogate (the 
National Floor Show), many of the displays involved ‘proving’ the effectiveness of these products by demonstrating a 
‘tapping machine’ impacting onto a piece of laminate flooring, with and without the exhibited underlay product applied 
between the laminate and the base.  The loudness of the ‘taps’ is reduced with the underlay in place, but this is related 
to the reduction in the reflected, airborne sound levels.  This experiment does not demonstrate the reduction of the 
transmitted, impact sound levels which are the most important factor when considering sound transmission problems in 
the built environment e.g. between partitioned enclosures. 
 
 
5.1.7 Samples produced from carpet waste provided by Heckmondwike FB Ltd 
 
Towards the end of the research programme, a carpet manufacturing comparny called Heckmondwike FB Ltd took an 
interest in the project and established contact to ascertain whether some of their carpet waste could be recycled in order 
to reduce their waste output and landfill costs.  The waste was of a different form to that which had been considered to 
date (i.e. nylon/PPR-pile, PVC-backed carpet tiles).  Initial samples and trials were carried out on this waste, as outlined 
below. 
 
The Heckmondwike waste was comprised of two basic products: ‘Broadrib’ and ‘Montage’.  Both these waste streams 
have the same fibre composition (80% polypropylene, 20% polyamide) and both are similar in that the woven fibrous 
component is bonded together by soaking the lower surface in a latex-based binder (similar to the SBR binder used in 
the research project).  Thus, there is no separate, distinct backing layer (PVC or otherwise) and when the 
Heckmondwike carpet waste subjected to granulation, the result was a bag of fibrous material with no significant 
granular component. 
 
On the basis of previous experience (i.e. sample N1 comprised of a purely fibrous dry component gave poor impact 
sound insulation), samples produced from this fibrous waste would not be anticipated to perform well on the impact rig.  
This was confirmed by the results which are plotted in Figure 22, and illustrate a difference of up to 20dB between the 
transmitted impact sound levels for the earlier optimised sample U2, and for the new samples. 
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Figure 21. Impact sound transmission results for the optimum recycled underlay sample U2 with laminate overlay, 
plotted against 10 commercially available laminate underlay systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It may be possible to supplement the fibrous waste with a granular component from elsewhere.  This was attempted 
with a separate stream of rubber granular waste (recycled tyre).  The results shown in Figure 22 demonstrate that no 
substantial improvement in impact sound reduction was achieved by supplementing 50% of the original fibrous mix with 
granulated rubber.  Furthermore, this method is not cost-effective, as other ingredients must be sourced from outside 
the carpet waste stream. 
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Figure 22. Comparison of impact sound insulation performance of underlays produced from PVC-backed carpet tiles and 
from the Heckmondwike carpet tile waste streams. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It was therefore concluded that the Heckmondwike waste stream was not ideally suited to recycling into acoustic 
underlay using the technology developed during this research project.  However, there may be other applications for this 
carpet waste in the acoustic sector and/or other methods of recycling the waste (see Section 5.7 and Chapter 9). 
 
5.2 Airborne Sound Transmission Loss 
 
Airborne sound transmission loss performance was measured in accordance with the methodology described in Section 
4.2.  For these measurements, a 19mm-thick timber disc was placed in the tube between the microphones, with the test 
specimen on the side of the timber facing the sound source, to simulate a realistic flooring scenario. 
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A series of typical airborne transmission loss (TL) results are shown in Figure 23.  TL data are plotted for the timber 
disc alone, and timber in conjunction with the optimised recycled underlay sample (U2) and two commercially available 
underlays.  It can be seen that sample U2 and the commercial underlays contribute up to 10dB of transmission loss, 
depending on frequency.  However, this is small compared to the 40-70dB provided by the timber alone. 
 
Figure 23. Airborne transmission loss results for recycled underlay sample U2 and two commercially available 
underlays, mounted on a timber backing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The recycled underlay samples are highly porous and have low flow resistivity.  The commercial samples all have a 
carrier backing which increases their flow resistivity.  It is anticipated that the airborne TL of the recycled underlay can 
be increased during commercial production if the wet formulation is applied to a high flow resistivity backing or scrim 
(see Chapter 6). 
 
5.3 Dynamic Mechanical Properties 
 
The methodology described in Section 4.3 was used to evaluate the loss factor,η , and the real part, 'E , of the complex 
compressional modulus of the recycled underlay samples.  These parameters are given in Table 8 and also plotted for 
some samples in Figure 24 in order to illustrate the patterns that emerged. 
 
The upper two charts of Figure 24 show the effect of increasing the G:F ratio on the dynamic mechanical properties of 
the samples.  (N1 and N5 are purely fibrous and purely granular respectively.)  The real part of the compressional 
modulus reaches a minimum in the case of sample N3.  Comparison with the impact data in Figure 10 shows that this 
is the best-performing sample in this series, which can be associated with a relatively low longitudinal compressibility.  
The loss factor has a local maximum in the case of sample N3. 
 
It would appear that a combination of high loss factor and relatively low compressibility yields good impact sound 
insulation.  This optimum combination of parameters is found in sample N3 (the best-performing sample on the impact 
rig). 
 
The variation of the dynamic parameters with binder concentration is shown in the middle two charts of Figure 24.  All 
three samples have similar values for compressional modulus.  Sample BC60 displays the highest loss factor and this is 
consistent with the fact that it was the most effective of the three samples in impact tests (see Figure 13).  However on 
the basis of this analysis sample BC50, which has the lowest loss factor, should be worse at reducing impact sound than 
BC40 whereas the reverse was found to be the case. 
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Table 8. Dynamic mechanical properties of recycled carpet underlay samples 
 and three commercially available underlays. 
 
Sample Real part of Compressional Modulus (Pa) 
Loss Factor, 
 tan δ 
N1 1.1*106 0.47 
N2 3.4*105 0.52 
N3 2.6*105 0.57 
N4 3.0*105 0.55 
N5 1.3*106 0.65 
BC60 2.6*105 0.57 
BC50 3.4*105 0.49 
BC40 3.5*105 0.51 
P1 1.2*106 0.45 
P2 4.0*105 0.50 
P3 1.0*106 0.51 
P4 8.3*105 0.51 
P5 4.3*105 0.52 
P6 9.6*105 0.52 
P7 3.6*105 0.51 
P8 1.6*105 0.54 
P9 1.3*106 0.51 
U2 2.1*105 0.58 
Floorwise 
Satellite 2.6*10
5 0.32 
Duralay  
System 10 7.4*10
5 0.23 
Anglo Felt 
Silver 1.0*10
5 0.26 
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Figure 24. Dynamic mechanical properties of selected recycled underlay samples. 
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Samples P1-P9 all contain a granular component comprised of a single grain size, ranging from the coarsest particles in 
P1 to the finest in P9 (lower two charts in Figure 24).  The sample with the highest value for loss factor and lowest 
compressional modulus is sample P8, and this sample is one of the best samples in this class in terms of reducing impact 
sound (see Figure 17). 
 
The optimised recycled underlay in terms of impact sound insulation performance was sample U2.  It is of interest that 
this optimised sample has one of the lowest values for the compressional modulus of all the specimens, and one of the 
highest loss factors (see Table 8).  Again, this is consistent with the postulate that a material with a combination of low 
compressional modulus and high loss factor will provide good impact sound reduction performance. 
 
The dynamic mechanical properties of three of the commercial underlays that performed best on the impact rig were 
also determined using this method.  These are also shown in Table 8.  Note that the optimised recycled sample U2 
(highlighted in bold in Figure 8) has a higher loss factor than any of these commercial underlays, and similar values for 
the real part of compressional modulus.  The comparative effectiveness of these samples in the standard test for impact 
sound reduction of floor coverings (ISO 140-8) is described in Section 7.1. 
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5.4 Static Loading Behaviour 
 
The static loading behaviour of several samples was investigated in the light of the results of standard testing in 
accordance with ISO 140 part 8 [8].  Therefore, the ‘Instron’ results are discussed and analysed in the context of 
Section 7.1. 
 
5.5 Tensile Strength Testing 
 
 
Tensile tests were carried out at Bolton Institute on the optimised recycled underlay sample U2 and on samples 2BC50, 
2BC40 and S1 (for formulations see Appendix B).  The results of these tests are shown in Table 9. 
 
Table 9. Tensile properties of selected recycled underlays produced in the laboratory. 
 
 
Sample 
U2 2BC50 2BC40 S1 
Mean % 
Load at 
Maximum 
Load (kN) 
S.D. Coef. V. 
Mean % 
Load at 
Maximum 
Load (kN) 
S.D. Coef. V. 
Mean % 
Load at 
Maximum 
Load 
(kN) 
S.D. Coef.V. 
Mean % 
Load at 
Maximum 
Load (kN) 
S.D. Coef. V. 
0.0237 0.001   4.34 0.0163 0.0037 22.63 0.0228 0.0007 2.94 0.0139 0.0017 12.16 
Mean 
Displace-
ment at 
Maximum 
Load 
(mm) 
S.D. Coef. V. 
Mean 
Displace-
ment at 
Maximum 
Load 
(mm) 
S.D. Coef. V. 
Mean 
Displace-
ment at 
Maximum 
Load 
(mm) 
S.D. Coef.V. 
Mean 
Displace-
ment at 
Maximum 
Load 
(mm) 
S.D. Coef. V. 
20.18 1.12 5.56 11.540 3.307 28.65 8.580 1.671 19.47 13.79 1.39 10.09 
 
As can be seen from this table, sample U2 shows the highest mean load at maximum load of 0.0237 kN whilst also 
giving the highest mean displacement (20.18 mm).  Thus U2, which has the highest binder concentration, also has the 
highest tensile strength.  Decreasing binder concentration from 60% (sample U2) to 50% (2BC50) appears to cause a 
substantial reduction in the tensile strength as might be expected, although further reducing binder concentration to 
40% (2BC40) seems to cause tensile strength to rise again.  This anomaly, however, could be related to the fact that 
sample 2BC40 is thinner than the other samples produced (its mean thickness is 9.3mm instead of the standard 10mm; 
for this reason 2BC40 was not tested on the impact rig as a direct comparison would be unfair). 
 
The addition of a non-ionic surfactant to sample S1, although this made sample production slightly easier, gave rise to 
lower tensile strength in the final product (compared with sample U2 which has the same formulation as S1 in every 
other respect). 
 
The effect of mean fibre length on tensile strength was also investigated.  Table 10 shows the results obtained from 
three samples of identical formulation, except that the fibrous component had passed through the granulator once, twice 
and three times respectively, which has the effect of altering the fibre length distribution (see Section 5.1.4, Table 7).  
It can be seen that tensile strength decreases as mean fibre length decreases. 
 
The tensile strength of samples produced during industrial trials was subsequently also measured; the results are 
discussed in Chapter 6. 
 
5.6 Other Textile Properties 
 
Flexibility and cracking behaviour were initially assessed by hand in the laboratory.  The optimised recycled sample U2 
appeared to be resistant to cracking and capable of being rolled up – this would be useful in an underlay application. 
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Table 10. Tensile properties of three samples made from fibrous carpet waste, each having a different mean fibre 
length dependent on the number o  times the waste had passed through the granulator. f
 
Sample A: 1st pass fibre, 
mean effective 
fibre length = 2.75 mm 
Sample B: 2nd pass fibre, 
mean effective 
fibre length = 1.89 mm 
Sample C: 3rd pass fibre, 
mean effective 
fibre length = 1.24 mm 
Mean Load at 
Maximum 
Load (kN) 
 
S.D. Coef. V. 
Mean Load at 
Maximum 
Load (kN) 
 
S.D. Coef. V. 
Mean Load at 
Maximum 
Load (kN) 
S.D. Coef. V. 
0.0488 0.0078 16.07 0.0447 0.0024 5.26 0.0432 0.0105 24.41 
Mean 
Displacement 
at Maximum 
Load (mm) 
S.D. Coef. V. 
Mean 
Displacement 
at Maximum 
Load (mm) 
S.D. Coef. V. 
Mean 
Displacement 
at Maximum 
Load (mm) 
S.D. Coef. V. 
16.78 1.01 6.03 15.10 0.53 3.49 14.18 1.34 9.43 
 
 
5.7 Normal Incidence Absorption Coefficient 
 
The normal incidence absorption coefficient (NIAC) of the PU binder-based carpet waste samples was measured using 
the impedance tube method [11].  Specimens of some of the SBR binder-based samples were also tested. 
 
The results for the PU binder-based samples are shown in Figure 25.  By referring to the table of formulations in 
Appendix A, two particular trends can be extracted that are worthy of note. 
 
Firstly, for a given compaction ratio, fibrous samples (W7-W9) show higher absorption coefficients over a wider 
frequency range than those made from granules (W1-W6) or a blend of granules and fibres (W10-W15).  This is 
pertinent to the carpet waste obtained from Heckmondwike (see Section 5.1.7), which yielded a purely fibrous waste 
stream when granulated.  It was earlier concluded that the Heckmondwike waste was not suitable for recycling into 
underlay with good impact sound insulation, but it may be possible to utilise this waste in an airborne sound-absorbing 
application. 
 
The second trend extracted from Figure 25 is that the NIAC of the samples increased as the degree of compaction 
increased.  The uncompacted carpet waste samples (W1, W4, W7, W10-W15) all displayed relatively low absorption 
coefficients in the considered frequency range.  Increasing the compaction considerably improved sound absorption 
properties (compare the results for samples W2, W5 and W8 with 20% compaction ratio against samples W3, W6 and 
W9 with 40% compaction ratio). 
 
However, it should be recalled that compaction lessened the effectiveness of the samples at reducing impact sound 
transmission (Section 5.1.3).  There is therefore an apparent ‘trade-off’ occurring i.e. increasing the compaction ratio 
yields improved acoustic absorption but decreases impact reduction capability. 
 
A similar ‘trade-off’ can be observed in the results for SBR-based samples N1-N5, as shown in Figure 26.  The highest 
values for normal incidence absorption coefficient were obtained for samples N1 and N5, which performed poorly on the 
impact rig.  Conversely, the best impact sound insulation of these samples was seen for N3, which had the lowest value 
of NIAC. 
 
Impact sound reduction (and, to a lesser extent, airborne transmission loss) are the most important acoustic attributes in 
carpet underlay applications.  Since the primary focus of this project was developing an acoustic underlay from recycled 
carpet waste, most of the emphasis of the research was on optimising the impact sound reduction performance of the 
samples (along with other textile properties such as tensile strength). 
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Figure 25. Normal incidence absorption coefficient spectra for PU binder-based samples.  W1-W6 are consolidated 
granular waste; W7-W9 are consolidated fibres; W10-W15 are comprised of a blend of grains & fibres. 
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However, it has been shown that it is possible to create materials with comparably good airborne sound absorption 
performance by recycling waste from the carpet sector, which may be useful for other applications in which sound 
absorption is more important, such as acoustic lining of cavities to reduce reverberation.  The best sound absorbent 
material developed is sample W9 (made from highly compacted fibrous waste), for which the normal incident absorption 
coefficient reaches a peak value of 0.95 at 3.5 kHz (see Figure 25, bright green curve), and stays above 0.65 up to the 
impedance tube’s cut-off frequency of 6.4 kHz.  Normal incidence results are a good indicator of performance under 
random incidence (real-life) conditions, so a high peak value for normal incidence absorption coefficient suggests that 
this sample is capable of achieving high values of the random incidence absorption coefficient.  It is also possible to 
broaden the absorption coefficient peak and shift it to lower frequencies by increasing the sample thickness (above the 
current 10mm), if this is suitable or desirable for a given application. 
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Figure 26. Normal incidence absorption coefficient spectra for SBR binder-based samples N1-N5. 
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6 Industrial Trials 
Large-scale continuous production trials took place in December 2003 at a textile factory of Anglo Felt Industries Ltd in 
Whitworth, Lancashire.  There were two objectives to these trials.  Firstly, to investigate the viability of industrial-scale 
production of underlays from recycled carpet waste.  Problems encountered during the laboratory phase of the project 
that could be addressed in the trials included difficulties in mixing individual components, reducing drying/curing times 
(the 1-1½ hour curing time for individual laboratory samples is clearly too long to be commercially viable) and ensuring 
an even thickness and consistency in the finished product. 
 
Secondly, the trials provided a potential opportunity to manufacture a large, homogeneous sheet of recycled underlay of 
similar formulation to sample U2 and with a constant thickness of 10mm, which could be used in standard tests in line 
with the project schedule (see Chapter 7). 
 
The facilities available at Anglo Felt included a large ‘Hunt’ dough mixer that was used to make up the sample 
formulations, in the form of a wet ‘paste’, in 7.5kg batches at a time.  This mixer was much more efficient than the 
laboratory facilities at dispersing the fibres into the mixture, even at lower binder concentrations. 
 
The paste was then poured into a hopper, and spread out over a polypropylene scrim (carrier material), which was 
pinned to a felt base on a conveyor belt that passed underneath the assembly.  The coating assembly could be adjusted 
to control the thickness of the material prior to heat treatment in an oven.  Note that it is initially difficult to predict the 
exact thickness of the final product due to collapse of the binder system under gravity and heat, and so a degree of trial-
and-error was necessary to achieve a certain gauge with precision. 
 
The spread out wet mixture was conveyed through a fan-assisted industrial heater of length 15 metres at a speed of 1 
metre/minute.  The oven temperature was set to 130°C, and the product emerged at the far end having dried and cured 
at a considerably greater rate that that observed under laboratory conditions. 
 
Four trial runs were carried out during the visit to Anglo Felt. 
 
The first run was based on the formulation for the optimised recycled underlay sample U2 (i.e. granules and fibres in the 
ratio 60:40 by mass), with 60% (mass concentration when wet) of the SBR binder.  Mixing the components together 
was found to be easier with the large mixer than was the case in the lab using a hand-held whisk.  However, the 
resultant product was not completely dried when it emerged from the oven; the sheet had dry upper and lower surfaces 
and a wet ‘core’, giving rise to a ‘delamination’ effect.  The thickness of this sample was quite variable, in the range 5-
9mm.  For the production of this sample no polypropylene carrier material was used and the wet mix was poured directly 
onto the felt base. 
 
The second run used a reduced SBR binder concentration of 50%; the conveyor speed was also slowed down to its 
lowest possible setting of 0.8 metre/minute.  Mixing was again easy, much more so than the laboratory-scale samples 
produced to the same binder concentration.  This time, the sample had dried out and cured completely when it emerged 
from the oven.  It was also much more homogeneous, with a constant thickness of 5-6mm. 
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Figure 27. A comparison of the impact sound insulation performance of the industrial-scale 
 and laboratory-scale samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the third Anglo Felt run, the binder concentration was reduced to 40%.  In the lab, samples with BC of 40% had 
proved very difficult to mix and the finished products were ‘lumpy’ and inhomogeneous.  The more efficient mixer 
available at Anglo Felt meant that mixing was easier and the wet ‘paste’ appeared smooth.  However, the final product 
was lumpy when dried (although it did fully dry out and cure), had a non-uniform spread (i.e. pock-marked with holes) 
and it did not have structural integrity (it was very easily pulled apart).  The thickness of the final product was highly 
variable, in the range 4-8mm. 
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A final run was conducted, based on a binder concentration of 50% but with a different type of binder that is commonly 
used by Anglo Felt in their own products (type LC 7738 from Industrial Latex Compounds Ltd).  This binder has lower 
water content than the SBR binder, so it was hoped that drying times/temperatures could be reduced further.  The oven 
temperature was 85°C at the start of the run, rising to 137°C by the end.  The resultant underlay sheet was 
homogeneous, with only small variations in thickness (in the range 5.5-6mm), and did not seem to differ markedly from 
the SBR-based Anglo Felt sample of the same binder concentration (50%).  Since the SBR binder is cheaper and the 
effect of the new binder on acoustic, mechanical and other physical properties have not been tested to the full extent, 
there appeared to be no obvious advantage in changing to the new binder type at such a late stage. 
 
Overall, the most successful industrial trial conducted was the one based on a SBR binder concentration of 50% (by 
mass of wet component).  The resultant material, known as AF50, was subjected to some of the acoustic and textile 
tests described earlier, and the outcome compared with results from the apposite sample produced in the lab. 
 
The laboratory-scale sample with 50% binder concentration (2BC50) had performed almost as well as sample U2 (60% 
BC) on the impact rig (see Figure 13).  Two pieces of the Anglo Felt sample AF50, of thickness 5mm, were cut from the 
sheet and stacked together to a total thickness of 10mm.  This was tested for impact sound insulation on the small 
indicative test rig at Bradford University, and the results compared with the data for sample 2BC50, as shown in Figure 
27.  It can be seen that the impact sound insulation performance of two layers of 5mm-underlay from the industrial 
trials, was close to that of the single 10mm-thick sample produced in the laboratory to the same formulation. 
 
The dynamic mechanical properties of the Anglo Felt sample AF50 were also measured in accordance with ANSI S2-22 
[9].  Table 11 shows these properties for AF50 and for the laboratory sample of the same formulation, 2BC50.  It can 
be seen that the loss factor for the new sample is the same as for 2BC50, whilst the mean value for compressional 
modulus is slightly higher. 
 
Table 11. A comparison of the dynamic mechanical properties of the industrial-scale 
 and laboratory-scale samples. 
 
Sample Real part of Compressional Modulus (Pa) Loss Factor, tan δ 
Laboratory Sample 2BC50 3.4*105 0.49 
Industrial Sample AF50 5.5*105 0.50 
 
 
Table 12. A comparison of the tensile properties of the industrial-scale and laboratory-scale samples. 
 
Industrial Sample AF50 Laboratory Sample 2BC50 
Optimised Laboratory 
Sample U2 
Mean 
Load at 
Maximum 
Load (kN) 
(Machine 
Direction) 
S.D. Coef. V. 
Mean 
Load at 
Maximum 
Load (kN) 
(Cross 
Machine 
Direction) 
S.D. Coef. V. 
Mean 
Load at 
Maximum 
Load 
(kN) 
S.D. Coef.V. 
Mean 
Load at 
Maximum 
Load (kN) 
S.D. Coef.V. 
0.511 .0157 3.08 0.38 .0593 15.27 0.0163 0.0037 22.63 0.0237 0.001 4.34 
Mean 
Displace-
ment at 
Maximum 
Load 
(mm) 
S.D. Coef. V. 
Mean 
Displace-
ment at 
Maximum 
Load 
(mm) 
S.D. Coef. V. 
Mean 
Displace- 
ment at 
Maximum 
Load 
(mm) 
S.D. Coef.V. 
Mean 
Displace- 
ment at 
Maximum 
Load 
(mm) 
S.D. Coef.V. 
64.78 7.97 12.31 31.16 3.29 10.54 11.540 3.307 28.65 20.18 1.12 5.56 
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The tensile strength of the industrially-produced sample AF50 was tested at Bolton Institute.  Table 12 compares the 
results with those for laboratory samples 2BC50 and U2.  The tensile strength of the industrially-produced sample is 
considerably greater than the equivalent lab sample (2BC50) or even the optimised lab sample U2, which has a higher 
binder concentration than AF50.  It would appear that the carrier fabric (scrim) used at Anglo Felt contributes 
considerably to the overall tensile strength of the underlay, both in terms of maximum loading to failure and percentage 
extension to break. This is confirmed by the results provided in Table 13, which shows the tensile properties of the 
backing material alone, in both machine and cross machine direction. 
 
 
Table 13. Tensile properties of the polypropylene scrim used as a  
backing material during industrial trials. 
 
PPL Scrim 
Mean Load at 
Maximum Load (kN) 
(Machine Direction) 
S.D. Coef. V. 
Mean Load at 
Maximum Load (kN) 
(Cross Machine 
Direction) 
S.D. Coef. V. 
0.603 .6027 2.27 0.4114 0.0250 6.09 
Mean Displacement 
at Maximum Load 
(mm) 
S.D. Coef. V. 
Mean Displacement 
at Maximum Load 
(mm) 
S.D. Coef. V. 
65.92 2.38 3.61 28.20 2.70 9.57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In summary, the trials at Anglo Felt showed that production of underlays of consistent thickness from recycled carpet 
waste is potentially viable on an industrial scale, and that it should be possible to reproduce the acoustic and mechanical 
performance of the laboratory samples at that scale.  The tensile strength of the Anglo Felt specimens was enhanced 
and can be efficiently controlled by the use of a backing material.  The use of a high flow resistivity scrim should also 
increase the airborne sound transmission loss of the underlay (see Section 5.2). 
 
Specifically, a product similar to lab sample 2BC50 of thickness 5-6mm was produced, which was homogeneous and had 
good impact sound reduction capabilities and high tensile strength.  However, it had not proved possible to manufacture 
a continuous sheet of the optimised laboratory sample U2 to a thickness of 10mm, because this would have required a 
considerable modification of the existing production line at Anglo Felt. 
 
 
7 Results of Standard Underlay Tests 
7.1 ISO 140-8 (Impact Sound Insulation of Floor Coverings) 
 
The standard test for impact sound reduction of floor coverings, ISO 140 part 8 [8], was carried out on the optimised 
recycled underlay U2 and on two of the commercial underlays that had performed well in indicative impact tests.  This 
was conducted at specialist testing facilities at Salford University.  The test procedure is as follows. 
 
Each underlay is installed on a concrete floor above a reverberant chamber.  A tapping machine containing five impact 
hammers is placed on the underlay, and used to generate impact sound.  The tapping machine is also operated when 
placed on the bare floor.  Sound pressure levels within the reverberation room below are measured and spatially 
averaged using an array of fixed microphones.  A correction is made for the reverberation time of the receiver room.  
The result is given in terms of the weighted reduction of impact sound pressure level, ∆Lw., averaged over three 1.0m x 
0.5m specimens. 
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For the purpose of this test, twelve 10mm-thick specimens of optimised underlay U2 were produced in the laboratory, 
each of dimensions 375mm x 330mm, i.e. sufficient to make up the total area of 1.5 m2 required by the ISO 140-8 test, 
although in separate smaller pieces than specified in the standard.  The selected 375mm x 330mm size of specimen was 
restricted by the available laboratory facilities at Bradford University. 
 
The value of ∆Lw for the optimised recycled underlay U2, obtained in accordance with ISO 140-8, was found to be 28 
dB; this compares favourably with the minimum value of 17 dB stipulated in Building Regulations Approved Document E 
[7].  In addition, the performance of U2 showed no sign of deterioration with time over the duration of the test 
(approximately five minutes for each specimen). 
 
Two commercial acoustic underlay samples were also tested on the same occasion.  One of these, Duralay System 10 
(which had performed similarly or slightly worse than U2 on the indicative impact rig in the lab), yielded a slightly higher 
value of ∆Lw = 31 dB.  The other commercial sample, Floorwise Satellite (which had performed better overall in 
indicative tests) yielded a noticeably better value of ∆Lw = 37 dB in ISO 140-8 testing.  Both commercial samples also 
showed no deterioration in performance over the duration of the test. 
 
Thus the optimised recycled underlay U2 performed reasonably well in this standard test, but not as well as the two 
commercial samples tested.  There are, however, two factors that should be taken into consideration, which may have 
reduced the performance of U2.  Firstly, the sample U2, unlike the commercial samples, was not tested in the form of 
three whole pieces (each 1.0m x 0.5m) as recommended in the ISO standard.  Whilst care was taken to avoid any of the 
tapping machine’s hammers falling on a ‘seam’ during the test, the effect of the discontinuous specimens may have been 
to degrade performance by several decibels. 
 
Secondly, both commercial underlays have stiff backing materials (scrim), whereas the recycled underlay U2 produced in 
the laboratory has a thin, highly permeable, low strength backing.  The Floorwise Satellite commercial underlay in 
particular has a crepe paper backing.  The effect of this stiff backing may be to spread the load over a wider area than 
the immediate point of impact during testing, resulting in the highest value of ∆Lw in the ISO test.  This effect would not 
be observed in the case of sample U2 due to the very low stiffness of the scrim on which the wet formulation was 
spread during sample production. 
 
This phenomenon was investigated in the laboratory at Bradford University, by investigating the static loading behaviour 
of the test specimens using the ‘Instron’ mechanical loading machine.  Figure 28 shows stress versus strain curves 
during compression of the samples up to a high value of stress of around 800 kPa (approximately equivalent to a load of 
80 kg transmitted through an area of 10-3 m2 i.e. an average adult stepping on the floor with the heel of a shoe).  All 
samples were ~10mm thick in these tests. 
 
The orange dotted curve shows the behaviour under compression of a large sample3 of the Satellite commercial underlay 
placed the right way up (i.e. crepe paper backing on top), whilst the green dot-dash curve applies to a large sample of 
System 10 commercial underlay and the red dashed curve corresponds to lab-produced sample U2 (large sample).    
 
It can be seen that for a high value of stress (e.g. 800 kPa), the Satellite sample can take up a much higher degree of 
strain than the other two samples, which explains its superior performance in impact sound insulation tests.  The System 
10 and U2 samples display similar stress-strain curves, suggesting similar impact reduction abilities.  (The sample U2 has 
undergone slightly higher strain for a given stress than System 10; U2 performed slightly better in small-scale impact 
tests but System 10 yielded better performance in the ISO 140-8 tests.) 
 
However, Figure 28 also shows (mauve dotted curve) that placing a large sample of Satellite with the crepe paper 
backing underneath reduces significantly the degree of strain at a given high stress level.  The thin foil backing exposed 
on the top is more malleable than crepe paper and less stiff, leading to a reduced capability to spread the load over a 
wider area. 
 
This is demonstrated further by the blue dotted curve (Figure 28), which shows the behaviour under compression of a 
small disc-shaped sample of Satellite (crepe paper backing on top), which was cut so that the diameter of the sample 
was equal to that of the Instron ‘footprint’, i.e. the contact area of the machine on the sample during the compression 
test.  In this case, there was no possibility for the load to spread over a wider area rather than the immediate point of 
contact.  Consequently, the compressional modulus behaviour was similar to that of the other two samples (U2, red 
dashed curve, and System 10, green dot-dash curve). 
 
 
                                                    
3 A large sample may be defined as one that extends radially beyond the circumference of the compression ‘footprint’ of 
the Instron machine by a significant distance i.e. at least several times the radius of the ‘footprint’. 
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Thus it may be inferred that the compressional modulus values of the core material of the investigated samples are 
similar.  It should also be noted that dynamic mechanical measurements of these samples (Section 5.3) earlier 
demonstrated that the recycled underlay has a higher value for loss factor than any of the commercial underlays (Table 
8), possibly due to the interaction between the grains and fibres.  A combination of low compressional modulus and high 
loss factor is indicative of good impact sound insulation performance. 
 
 
Figure 28. ’Instron’ stress versus strain curves, illustrating the static loading behaviour of the optimised and industrially-
produced recycled underlays along with two commercial underlays, and the influence of a stiff backing on the results. 
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Further Instron measurements were carried out on samples produced during the industrial trials.  These samples were 
backed with a superior, stiffer scrim than the laboratory samples of formulation U2.  The most successful product from 
these trials was tested.  This was the material produced with 50% binder concentration and a curing time of 20 minutes.  
The thickness of this sample was in the range of 5-6mm, rather than the standard 10mm thickness of other laboratory 
samples of U2.  Therefore, two 5mm thick specimens were selected for each run of the Instron and were stacked up to 
obtain the required 10mm thickness.  Note that in this arrangement some of the strain is likely to be dissipated by air 
gaps between the layers or by slippage across the lamination (between the doubled-up pieces). 
 
Both large and small circular samples (for definition of ‘large’ and ‘small’ see earlier footnote) were tested with and 
without the scrim on the upper surface during the tests.  The green and pink solid curves in Figure 28 correspond to 
the larger samples with and without the scrim, respectively.  The presence of the scrim increases the strain dissipated by 
the sample for a given applied stress.  This suggests that spreading of the applied load across a wider area than the 
immediate point of contact is taking place as a result of the stiff backing material. 
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Furthermore, comparison of the green solid and orange dotted curves suggests that the industrially-produced recycled 
underlay sample with scrim, is capable of taking up similar amounts of strain at high stress levels as the commercial 
underlay Satellite (correctly installed with crepe backing on top).  It may be inferred that the recycled underlay produced 
on an industrial scale could yield improved performance in the ISO 140-8 test compared with the lab-scale recycled 
underlay, and perhaps comparable with the high performance standard of Satellite in the ISO test (∆Lw=37dB). 
 
The yellow and blue solid curves in Figure 28 correspond to the mechanical behaviour of the small samples of the 
industrially-produced recycled underlay, with and without scrim respectively.  The behaviour of these two samples is 
similar (it would appear that the sample with the scrim is able to dissipate less strain per applied load than the sample 
without the scrim, although the difference is small and may be within the experimental error given the laminate nature 
of the samples tested).  Additionally, the two large samples are capable of dissipating a greater strain per applied stress 
than either of the small samples.  These results confirm that the lateral load-spreading effect occurs rather efficiently in 
the large sample with scrim, but also suggest that a lesser degree of lateral distribution of load can take place in the 
large sample without scrim.  When small discs of underlay are subjected to loading, there is no opportunity for the stress 
to be distributed laterally whether a scrim is present or not. 
 
In conclusion, the use of a high quality, stiff backing when producing the recycled underlay, as well as improving tensile 
strength and other material properties, would serve to enhance the impact sound insulation performance of the product 
by increasing the degree of lateral ‘load-spreading’ occurring within the underlay. 
 
 
7.2 Standard Textile Tests for Optimised Acoustic Underlay 
 
Underlay samples optimised for acoustic performance were subjected to a series of standard tests with accordance to BS 
5808 [12] and compared with commercially available underlays of similar calibre.  The tests were carried out by SATRA, 
a specialist testing house for floor coverings.  However, limited availability of both in-house manufactured underlays and 
commercial samples meant that the number of samples per test and the normal testing routine were restricted.  
Reported results may therefore be different to actual performance characteristics of each sample undergoing these tests.  
However, for the purpose of comparative assessments on a small scale, the tests were most useful. 
 
Tests under BS 5808 entail the following: 
  
• Tensile properties of underlay in machine and cross machine direction. 
 BS EN ISO 13934-1 [10] 
• Determination of thickness loss of textile floor coverings after prolonged heavy static loading. 
 BS 4939 [13] 
• Determination of thickness loss under dynamic loading. 
 BS ISO 2094 [14] 
• Work of compression and compression after dynamic loading. 
 BS 4098 [15] and BS ISO 2094 [14] 
 
There is another test under BS 5808/BS 2576 [16] for resistance to cracking, but it was not possible to manufacture a 
sufficiently large sample of the recycled underlay U2 to test this (see Chapter 6). 
 
Other standard tests not included in BS 5808 for underlay testing, but carried out at Bolton Institute, include BS ISO 
10361 Method B - Hexapod [17] and BS 4790 Hot Nut Method [18]. 
 
Tensile tests are carried out along and across the underlay to highlight differences in directional behaviour.  Table 14 
compares the optimised recycled underlay and the commercial underlay, Satellite.  Minimum and maximum requirements 
of BS 5808 are given alongside these results. 
 
The optimised recycled sample is weaker than the Satellite commercial underlay in the cross machine direction; it 
nevertheless passes this test.  Further improvement in manufacturing technique should be implemented to improve 
these results.  In particular, the industrial trials (Chapter 6) suggested that the use of an appropriate backing material 
(scrim) would improve the performance of the recycled underlay in tensile strength tests.  This work should be carried 
out as part of the development of the full-scale production technology. 
 
In determining thickness loss after prolonged heavy static loading, the samples are subjected to a pressure of 700 kPa 
for 24 hours through a circular presser foot of radius at least 2mm larger than the radius of the presser foot thickness 
tester.  After removal of load and with 24 hours recovery, the thickness of the specimen is measured.  Table 15 shows 
comparative results from this test. 
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Table 14. Assessment of optimised sample U2 and ‘Satellite’ commercial product against 
 BS 5808 requirements for tensile properties of underlays. 
 
Property Optimised Recycled Underlay U2 Satellite 
BS 5808 
Requirement 
Breaking Strength in 
machine direction (N) 100+ 100+ 
Breaking Strength in 
cross machine 
direction (N) 
49 100+ 
 
40.0 N Minimum 
Elongation in machine 
direction (%) 3 1 
Elongation across 
machine direction (%) 7 1 
 
10% Max. Elongation 
at 40N 
 
 
Table 15. Assessment of optimised sample U2 and ‘Satellite’ commercial product against 
BS 5808 requirement for loss in thickness after static loading of underlays. 
 
24 hr recovery 
period 
Optimised Recycled 
Underlay U2 Satellite 
BS 5808 
requirement 
% loss of thickness 16.7 25.2 15% Maximum 
 
The commercial sample loses up to one quarter of its thickness after static loading, whereas the loss of thickness in the 
optimised recycled underlay is just above the maximum requirement of 15%.  This can be improved further with better 
manufacturing techniques than those used in the laboratory. 
 
Determination of thickness loss under dynamic loading is achieved when the underlays are subjected to cyclic loading 
treatment where a weight-piece, with two steel feet on its underside, repeatedly drops freely on to the specimen.  The 
specimen is slowly traversed so that vertical shearing forces produced by the edges of the feet act on the requisite area 
of the specimen.  Thickness loss is then determined after 1000 cycles.  Figure 29 shows the salient features of this 
apparatus, whilst comparative results of the test are given in Table 16. 
 
Figure 29. Apparatus for determining thickness loss under dynamic loading o  underlays. f
 
 
 Cam
 
 
 
 
 
Weight Piece 
 
 
 
 
 
 
 Steel Plate Specimen
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Table 16. Assessment of optimised sample U2 and ‘Satellite’ commercial product against 
BS 5808 requirement for loss in thickness after dynamic loading of underlays. 
 
 
 Optimised Recycled Underlay U2 Satellite 
BS 5808 
Requirement 
% thickness loss 
after 1000 cycles 4.9 9.55 15% Maximum 
 
 
 
 
 
 
 
 
 
The optimised recycled underlay is well within standard limits in this test. 
 
Work of compression and compression after loading are determined in accordance with BS 4098.  Compression and work 
of compression are calculated between 2 kPa and 100 kPa before and after dynamic loading for 1000 cycles, in 
accordance with BS ISO 2094.  Comparative results of this test are given in Table 17. 
 
 
Table 17. Assessment of optimised sample U2 and ‘Satellite’ commercial product against BS 5808  
requirements for work of compression and compression after dynamic loading of underlays. 
 
After Dynamic 
Loading 
Optimised Recycled 
Underlay U2 Satellite BS 5808 Requirements 
Compression 4.81mm 6.70mm 2mm Min., 7mm Max. 
Work of 
Compression 144.7 J/m
2 100.82 J/m2 50 J/m2 Min., 200 J/m2 Max. 
Retention of original 
Work of 
Compression 
77.3% 68.0% 40.0% Min. 
 
The optimised recycled sample falls well within the limits stipulated by this standard, as does the Satellite commercial 
underlay. 
 
Both underlays may be classified as suitable for different intended use/applications in accordance with the performance 
levels for work of compression after dynamic loading versus compression after dynamic loading.  The optimised underlay 
would accordingly be rated L/U- Luxury use, domestic/contract, where high energy absorption is desirable.  The Satellite 
commercial underlay would be rated GD/U-General domestic use. 
 
Additional tests not within BS 5808 requirements for underlays were also carried out for further comparison.  These 
included: 
 
• BS ISO 10361 [17] Method B - Hexapod, and 
• BS 4790 [18] Hot Nut Method 
 
The Hexapod test relates to fatiguing textile floor coverings over a set number of cycles and examining changes in 
covering appearance i.e. loss of thickness.  The loss in thickness after 12000 cycles, for the optimised recycled underlay 
and two commercial underlays, is shown in Table 18. 
 
Compared to the commercial underlays, the optimised sample shows intermediate fatigue properties. 
 
The hot nut test simply involves a heated stainless steel nut that is placed on the test material.  The times of flaming, 
afterglow and the greatest radius of the effects of ignition from the point of application of the nut are measured.  Table 
19 illustrates the observations made. 
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Table 18. Assessment of optimised sample U2 and ‘Satellite’ and ‘System 10’ commercial products  
against BS ISO 10361 (Method B – Hexapod) for changes in appearance after prolongued fatiguing. 
 
After 12000 cycles Optimised Recycled Underlay U2 Satellite System 10 
% loss of thickness 18.3 30.6 7.9 
 
 
Table 19. Assessment of optimised sample U2 and ‘Satellite’ and ‘System 10’ commercial products 
 against BS 4790 (Hot Nut Method) for fire retardancy. 
 
 
Sample Time to extinction of flame (seconds) Radius of char (mm) 
Optimised Recycled 
Underlay U2 Flames reached outer ring in 536s 75+ mm 
Satellite Flames ceased at 93s and smouldering at 125s 35 mm 
System 10 Flames ceased at 227s and smouldering ceased at 320s 35 mm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results in Table 19 indicate that the optimised recycled underlay, produced in its current experimental form, shows 
a greater tendency to burn and leaves a bigger char area than the two commercial samples if tested in the absence of a 
carpet overlay.  As mentioned earlier, this test is not within current BS 5808 standard requirements for underlays and for 
this reason the research programme did not place emphasis on optimising the recycled underlay for fire retardancy.  If 
required, improvements can be made by adding an appropriate fire retardant agent to the formulation, without a 
detrimental effect on the other material properties. 
 
On the whole, the optimised recycled underlay samples yielded good performance results in standard textile tests when 
compared with the competitors.  The notable difference was in the flammability tests, although the optimised underlay 
could be improved in this regard by including appropriate fire retardant ingredients and an appropriate type of scrim 
backing. 
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8 Conclusions 
It has been demonstrated that it is possible to recycle carpet waste into an acoustic underlay product. 
 
Underlay samples were developed by granulating PVC-backed, nylon/polypropylene-pile carpet tiles and binding the 
waste together with a Styrene-Butadiene Rubber foaming binder.  The construction of a specially designed rig allowed 
the impact sound insulation capability of the recycled materials to be assessed and compared with commercially 
available underlay products. 
 
The results suggest that a mixture of fibrous and granular waste material, in approximately the same ratio as the mass 
ratio of backing to pile in the original carpet tiles, provides the optimum performance.  This is an important finding, 
which should ensure an efficient and cost-effective full-scale manufacturing process. 
 
Analysis of the particle size distribution and mean fibre length of the granular and fibrous waste facilitated the 
optimisation of the impact sound reduction capabilities of the samples, as well as an increased understanding of the 
system.  However, regulating the size/length distribution of the waste streams was not shown to be beneficial in terms 
of either performance-related or efficiency considerations. 
 
The recycled underlays manufactured in this way provide good impact sound insulation performance and perform well in 
a range of standard textile tests, compared with commercially available underlays. 
 
The dynamic mechanical properties of the recycled underlays were investigated to enable a better understanding of their 
effect on the impact results.  These data suggest that a combination of high loss factor and relatively low compressional 
modulus yields good impact sound reduction performance. 
 
Initial industrial trials have demonstrated that production of homogeneous recycled carpet underlays of consistent 
thickness is technically viable on an industrial scale, and that it should be possible to reproduce the acoustic and 
mechanical performance of the laboratory samples at that scale.  Since the raw material is cheap and readily available, 
and the liquid binder used (SBR) is relatively cheap, the product could also be commercially viable.  With this process 
carpet manufacturers would reduce their landfill costs by recycling their waste output. 
 
The study demonstrates that recycling carpet waste to produce quality acoustic underlays with desirable impact sound 
insulation characteristics is technically feasible and a viable alternative to landfill or incineration. 
 
 
9 Future Work and Recommendations 
The use of an appropriate backing material (scrim) is the key improvement that needs to be addressed.  A carefully 
selected backing should increase the structural integrity of the optimised acoustic underlay and improve its performance 
in tensile strength tests.  It is likely to improve impact sound insulation by spreading the applied load laterally across the 
underlay, and increase airborne sound transmission loss by increasing the material’s flow resistivity.  The process of 
selection and bonding of the backing material should be investigated further as part of the development of the full-scale 
production technology. 
 
The performance of the optimised acoustic underlay in flammability tests could be improved by the addition of 
appropriate fire retardant ingredients to the formulation and an appropriate type of scrim backing. 
 
It may also be possible to use an extrusion method to recycle more effectively the type of waste stream obtained in 
purely fibrous form (e.g. the carpet waste from Heckmondwike FB Ltd).  This could be the subject of further studies if 
funds become available to extend the project.  Alternatively, the Heckmondwike carpet waste stream could be used to 
produce an efficient acoustic absorber for reducing reverberation in enclosures, a process which was shown to be 
feasible for fibre-rich carpet waste (e.g. PU binder-based sample W9). 
 
Another alternative waste stream recently emerged due to an approach from Rieter Automotive GB Ltd, who also took 
an interest in the project and would like to explore the possibility of recycling carpet waste from the automotive sector.  
Their waste would also appear to lend itself to the possibility of using an extrusion method as part of the recycling 
process and/or producing an acoustically absorbent material. 
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10 Dissemination 
Dissemination of this research has taken place in a number of formats. 
 
• oral and poster presentations at the University of Naples (Euronoise 2003 - International Conference on Noise 
Control); 
• Loughborough University (Fibre Society Symposium on Engineering with Fibres); 
• University of Salford Research Symposium on Acoustic Characteristics of Surfaces (18-19 September 2003); 
• Bolton Institute (lunchtime seminar in the Centre for Materials Research and Innovation); 
• a press release in the University of Bradford’s in-house magazine ‘News & Views’ (September 2003 edition); 
• a press release in a newspaper article in the Bradford Telegraph and Argus (Saturday 6th September 2003) 
entitled, “Research: Grant could make houses warmer” by Ian Manley; 
• an academic paper submitted to the Journal of Applied Acoustics, entitled “Impact Sound Reduction and 
Viscoelastic Properties of Underlay Manufactured from Recycled Carpet Waste” [19]. 
 
An end of project Workshop is scheduled to take place on 27th May 2004 at Bolton Institute. 
 
Further presentations are planned for later in 2004 at the Ecotextile 04 Conference run by Bolton Institute, at the 
International Congress on Acoustics, Kyoto, Japan and International Congress on Sound and Vibration, St. Peterburg, 
Russia. 
 
Another academic paper is currently in press [20].  The paper discusses the effects of the pore size distribution in 
samples produced from carpet waste on their acoustic performance.  This is interesting from an academic viewpoint as 
some of the samples displayed a bimodal distribution of pore sizes. 
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 Appendix A 
The following table gives full details of the manufacturing parameters of polyurethane binder-based samples W1-W15, 
which were produced during the early stages of the research project.  Chapter 2 gives full details of the various carpet 
waste streams of which these samples are comprised. 
 
 
Sample Waste type A 
Waste 
type B Ratio A/B
Binder 
type 
Binder 
concentration 
Compaction 
ratio 
Density 
(kg/m3) 
W1 GRAN - 100% A PU 13% (by Volume) 0% 461 
W2 GRAN - 100% A PU 13% (by Volume) 20% 499 
W3 GRAN - 100% A PU 13% (by Volume) 40% 578 
W4 AGG - 100% A PU 13% (by Volume) 0% 482 
W5 AGG - 100% A PU 13% (by Volume) 20% 529 
W6 AGG - 100% A PU 13% (by Volume) 40% 748 
W7 FIB - 100% A PU 13% (by Volume) 0% 290 
W8 FIB - 100% A PU 13% (by Volume) 20% 315 
W9 FIB - 100% A PU 13% (by Volume) 40% 350 
W10 GRAN FIB 30/70 PU 13% (by Volume) 0% 340 
W11 GRAN FIB 50/50 PU 13% (by Volume) 0% 369 
W12 GRAN FIB 70/30 PU 13% (by Volume) 0% 463 
W13 AGG FIB 30/70 PU 13% (by Volume) 0% 385 
W14 AGG FIB 50/50 PU 13% (by Volume) 0% 456 
W15 AGG FIB 70/30 PU 13% (by Volume) 0% 494 
 
Key: 
GRAN = WRACE granulated waste stream 
AGG = WRACE agglomorated granular waste 
FIB = WRACE fibrous waste stream 
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Appendix B 
The following table gives formulations, densities and full details of the processing methodology for samples produced 
during the research programme using a Styrene-Butadiene Rubber-based binder system.  Note that SBR binder 
concentrations quoted refer to wet formulations; the SBR binder has a water content of approx 60% when wet, which is 
driven off during drying/curing of the sample, leading to a reduced binder concentration when dry. 
 
Sample Granular mass content Fibrous mass content SBR Foaming Binder mass content (wet) 
Density 
(kg/m3) 
N1 0% 40% 60% 255 
N2 12% 28% 60% 231 
N3 24% 16% 60% 277 
N4 32% 8% 60% 355 
N5 40% 0% 60% 568 
BC60 24% 16% 60% 277 
BC50 30% 20% 50% 285 
BC40 36% 24% 40% 356 
S1 24% 16% 54% + 6% surfactant 293 
SD 24% 16% 54% + 3% surfactant, 3% dispersing agent 357 
NW 24% 16% 60% (not whisked) 372 
5W 24% 16% 60% (whisked for 5 minutes prior to mixing) 277 
P1 24% (particles >3.35mm) 16% 60% 292 
P2 24% (2.47-3.35mm) 16% 60% 288 
P3 24% (2.0-2.47mm) 16% 60% 302 
P4 24% (1.4-2.0mm) 16% 60% 316 
P5 24% (1.23-1.4mm) 16% 60% 305 
P6 24% (1.0-1.23mm) 16% 60% 329 
P7 24% (0.68-1.0mm) 16% 60% 247 
P8 24% (0.50-0.68mm) 16% 60% 267 
P9 24% (particles <0.5mm) 16% 60% 348 
U2 
24% (2mm-aperture 
screen at granulator 
output) 
16% (2mm-aperture 
screen at granulator 
output) 
60% 230 
U3 24% (3mm screen at granulator output) 
16% (3mm screen at 
granulator output) 60% 277 
U4 24% (4mm screen at granulator output) 
16% (4mm screen at 
granulator output) 60% 180 
2BC50 30% (2mm screen at granulator output) 
20% (2mm screen at 
granulator output) 50% 267 
2BC40 36% (2mm screen at granulator output) 
24% (2mm screen at 
granulator output) 40% 399 
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Appendix C 
The physical properties of a number of commercially available underlays, which were subjected to comparative 
assessment against the recycled samples, are tabulated below. 
 
Commercial Underlay Thickness (mm) 
Density 
(kg/m3) Laminate Underlay 
Thickness 
(mm) 
Density 
(kg/m3) 
Durafit 650 6.5 437 Cush 'n' Wood 4 160 
Monarfloor Impact 
Mat 7 395 Floorwise Wonderlay 3 730 
Gaskell Fomalux 10 268 Floorwise Whisper 2.5 21 
Anglofelt Silver 10 215 Floorwise Whisper Plus 2.5 32 
Duralay System 10 9.2 435 Ecolay 2.5 22 
Cloud 9 Cumulus 11 101 Ecolay Laminated 2.5 30 
Floorwise Satellite 9 183 Acoustalay 3 3 33 
Texfelt Envirolay 42 11 129 Acoustalay 5 5 33 
Texfelt Envirolay 33 9.5 118 Acoustalay CPM 3.5 97 
Cloud 9 Super 
Contract 10 160 
Textfelt LamiMate* 
(PE foam layer) 2.5 20 
Ultimate Grand 
Reservé 11 412 
Textfelt LamiMate* 
(felt layer) 4 176 
Acoustilux A5518 15 53 * Dual-layer system   
Acoustilux A5569 8 88    
Acoustilux A5501 8 125    
Acoustilux A5050 8 38    
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